Identification of the epidural space is often performed using the loss of resistance technique to either air or saline. We sought to investigate if the medium used affected the quality of analgesia obtained by parturients who received labour epidurals.
Epidural analgesia has long been recognised as a superior form of pain relief for parturients in labour 1 . Identification of the epidural space is usually performed using the loss of resistance (LOR) technique. It is based on the difference in resistance felt during compression of a syringe plunger when the advancing needle has passed through the ligamentum flavum into the epidural space. The two most commonly used syringe contents are air and saline. The anaesthetist's choice of either air or saline as a medium is usually based on previous training and experience. The literature is inconclusive with regard to the superiority of one medium over the other 2 .
The earliest prospective and randomised study to compare analgesic efficacy when air or saline was used was performed by Sarna et al in 1990 3 . The authors did not find any difference in the quality of analgesia when 10 ml of air or 10 ml of saline was used for the LOR technique. However, in 1991 Valentine et al conducted a randomised, double-blinded study comparing analgesia obtained when 4 ml of air or 4 ml of saline was used to identify the epidural space in 50 parturients 4 . He found that the use of air led to a greater number of unblocked dermatomes. In 2000, Beilin et al conducted a single-blinded randomised study of 156 parturients in whom 2 ml of air or 2 ml of saline had been used to locate the epidural space 5 . He found that at 15 minutes, more parturients in the air group had incomplete analgesia requiring additional medication compared with women in the saline group.
Our audit was to investigate if the LOR medium used affected the quality of analgesia obtained by parturients who requested labour epidurals at our tertiary maternity centre. We measured analgesic efficacy by the incidence of breakthrough pain in parturients necessitating epidural bolus top-ups by an attending anaesthetist.
We recognised that LOR technique may not be the only predictor of breakthrough pain, thus we also sought to identify other factors that could influence the incidence of breakthrough pain in labouring parturients. In addition, we compared the incidence of complications such as difficulty in threading the epidural catheter, inadvertent dural puncture, accidental venous puncture or paraesthesia experienced during the procedure between parturients who had their epidural catheters placed using loss of resistance to air or saline.
mATeRIALS AND meTHoDS
Our centre sees an average of 15,000 deliveries a year, with 80% of the parturients delivering vaginally. All of our parturients are counselled antenatally regarding the choices of labour analgesia available in our hospital. In the year 2004, 35% of parturients chose to have intrapartum neuraxial block for labour analgesia. The remaining parturients had either Entonox (5% oxygen with 50% nitrous oxide) or intramuscular pethidine at regular intervals upon request.
With approval from our hospital ethics committee, a database had been established in our institution to capture data of all patients who received labour epidural analgesia. For the purpose of this study, we conducted a retrospective review of labour epidurals performed in our institution from May 2003 to March 2005. Only nulliparous parturients with a singleton fetus who received labour epidural analgesia and subsequently delivered vaginally were included. We excluded parturients with previous caesarean sections who were attempting a vaginal delivery. All epidural catheters were inserted by senior anaesthetists with at least five years experience in obstetric anaesthesia, using a combined spinal epidural (CSE) technique. We excluded labour epidurals performed by trainees in order to avoid operator bias, as many trainees might not have been familiar enough with the techniques. Location of the epidural space by LOR was done using 18-gauge Tuohy needles from sterile B Braun CSe sets (espocan, B Braun, melsungen). The choice of either air or saline as the syringe medium for LOR was consistent for each proceduralist and based entirely on personal preference and previous training. upon successful location of the epidural space, a 27-gauge pencil-point needle was used to puncture the dura mater. For induction of analgesia, an intrathecal dose of plain 2 to 2.5 mg of ropivacaine (Naropin, AstraZeneca, Sweden) or bupivacaine (marcain, AstraZeneca, Sweden) was used together with fentanyl 10 to 15 µg. Maintenance of labour analgesia was achieved via a continuous epidural infusion of low-dose 0.1 to 0.125% ropivacaine or bupivacaine plus fentanyl 2 µg/ml at a rate of 8 to 12 ml/h. The continuous infusion was started within 15 minutes of induction of analgesia by the same anaesthetist who performed the procedure.
The patient's height, weight, parity, use of an oxytocin infusion for augmentation of labour and cervical dilatation immediately before the procedure were entered into the epidural data forms by the attending anaesthetist at the parturient's bedside. Pre-block pain scores were also noted (1=nil, 2=mild, 3=moderate and 4=severe) prior to induction of analgesia. The LoR technique used (air or saline), position of the parturient (sitting or lateral) during the procedure, intervertebral level of catheter insertion and length of the epidural catheter in space were also entered on the data form. Any technical complications encountered during the procedure (such as accidental dural puncture, inadvertent venous puncture, paraesthesia during procedure, inability to obtain cerebrospinal fluid with dural puncture with the pencil-point needle, inability to thread epidural catheter) were recorded by the same anaesthetist performing the epidural.
Half an hour after the block, pain scores were reassessed and recorded on the data forms.
In the event of breakthrough pain requiring epidural bolus top-ups, the dosage and type of medication needed to treat the patient adequately were recorded immediately after administration. Supplemental medications were given as needed, until the second stage of labour. At this point, termination or reduction of the continuous epidural infusion was left to the discretion of the obstetrician or the attending anaesthetist. However, no further epidural bolus top-ups were given by the anaesthetists.
Twenty-four hours post-delivery, an independent anaesthetist or pain nurse assessed the patient's overall satisfaction with the epidural analgesia. This was graded as follows: 1=poor, 2=unsure, 3=good, 4=excellent. At the same time, any post procedure air vS. SaLine for CSe Lor Anaesthesia and Intensive Care, Vol. 36, No. 5, September 2008 complications such as headache, backache, residual neural deficits or urinary retention were noted and appropriately treated. All completed data forms were then collected by a research assistant and promptly keyed into a large databank formatted with Statistical Package for Social Sciences Version 9.0. (Chicago, Illinois, uSA).
Our primary outcome of interest was the incidence of breakthrough pain experienced by the parturients. We defined breakthrough pain as a sensation of pain or pressure of sufficient severity for the parturient to request an epidural bolus top-up from an attending anaesthetist. The type and dosage of medications required to abolish each episode of breakthrough pain was recorded. Top-up boluses consisted of 5 to 15 ml of 1.5% lignocaine, 0.2% ropivacaine or 0.2% bupivacaine. For the purpose of analysis, an episode of breakthrough pain was concluded when adequate pain relief had been administered to the parturient. In the event that breakthrough pain was persistent or refractory to our supplementary medications, the epidural catheter would then be reviewed by the attending anaesthetist. The absence of a sensory level to cold or the presence of persistent unilateral block or persistent patchy block despite supplementary medications were indications for catheter replacement. We felt that complete failure of treatment resulted from inaccurate placement of the epidural catheter and was very unlikely to have been influenced by the loss of resistance medium used. The catheter could have been placed unilaterally in the epidural space or outside of the epidural space altogether. We thus excluded parturients with complete failure of treatment from our analysis, viewing it as a separate entity from inadequate analgesia resulting in recurrent breakthrough pain.
The parturients who met our inclusion criteria were classified into two groups according to the number of episodes of breakthrough pain experienced. Based on a previous study, the recurrent breakthrough pain (RBP) group was defined as consisting of parturients who had three or more episodes of breakthrough pain whereas the minimal breakthrough pain (MBP) group had zero to two episodes of breakthrough pain 6 .
We then performed separate univariate logistic regression analyses by computing the presence of RBP as the dependent variable and maternal Body Mass Index (BMI), cervical dilatation at point of epidural placement, pre-block use of oxytocin, pre-block pain scores, intervertebral level of epidural placement, position of parturient during procedure (lateral or sitting), loss of resistance technique (air or saline), type of intrathecal local anaesthetic used for induction of analgesia, depth of the epidural catheter in space, type of epidural local anaesthetic used for maintenance of analgesia and neonatal birth weight as independent variables. Variables with P <0.2 were then entered into a stepwise multiple logistic regression model with forward elimination in order to identify significant independent predictors for RBP. Lastly, the potential for interaction between the identified predictors was investigated by using the likelihood ratio (-2LR) test 7 .
Chi-square tests with cross-tabulations were used to analyse the incidence of complications between the air and saline groups such as difficulty threading epidural catheter, inadvertent dural puncture, accidental venous puncture, paraesthesia, inability to obtain cerebrospinal fluid (CSF) during attempted intrathecal access. Analysis of post-procedural complications such as headache, neural deficit, backache and urinary retention was also performed with chi-square tests.
ReSULTS
During the 23-month period of the study, data pertaining to a total of 2848 patients were collected and analysed. All cases included in the study were nulliparous parturients who had had CSE performed for induction and maintenance of labour analgesia. Loss of resistance to saline technique was utilised to locate the epidural space in 56% (n=1595) of patients and loss of resistance to air technique in 44% (n=1253).
The demographic profiles of the patients in both the air and saline groups were similar in terms of BMI, cervical dilatation at which the epidural catheter was inserted, pre-block pain, use of pre-block oxytocin and mean duration of labour (Table 1) . The loss of resistance to air technique was associated with a higher incidence of RBP compared to the saline group (P=0.023). We recognised the possibility that a longer labour could lead to a greater number of supplemental epidural bolus top-ups. We thus computed a time-weighted frequency of epidural top-ups in our data analysis (defined by the number of epidural top-ups per hour of the duration of labour from the time of block to delivery of the neonate). We found that the mean number of epidural top-ups in the RBP group was 0.536±0.404 per hour of labour, compared to 0.043±0.125 per hour of labour in the MBP group (P <0.01).
Multiple logistic regression analysis looking at all the possible variables that could have influenced the incidence of RBP demonstrated three other factors that were associated with an increased incidence of RBP. These include prior administration of pre-block oxytocin, sitting position of the parturient during the procedure, as well as the use of bupivacaine as the choice of intrathecal local anaesthetic in the spinal component of the CSe. There was no significant interaction between the four variables mentioned above ( Table 2) .
Both groups had similar incidences of procedural complications such as difficulty threading the epidural catheter, accidental dural puncture, accidental venous puncture, paraesthesia on insertion of epidural catheter and inability to obtain CSF during attempted intrathecal access. Both groups also had similar incidences of post-procedural complications such as headache, residual neural deficit, backache and urinary retention 24 hours postdelivery (Table 3 ).
DISCUSSIoN
The results of our audit demonstrated that the loss of resistance to air technique rather than the loss of resistance to saline technique, was associated with an increased incidence of recurrent breakthrough pain in parturients who have had labour epidural analgesia. (P=0.023). This is similar to previous studies which compared the quality of analgesia obtained when loss of resistance to air versus saline is used to identify the epidural space. In 1991, Valentine et al showed that the use of 4 ml of air led to a significantly greater number of unblocked dermatomes compared to 4 ml of saline 4 . In 2000, Beilin et al found that more parturients in the air group had incomplete analgesia requiring additional epidural boluses 15 minutes after the block 5 . However, these trials were conducted in parturients who had had conventional epidurals performed for labour analgesia. To date, there are no trials to compare the loss of resistance techniques in identification of the epidural space during CSe 8 . At our centre, the vast majority (86%) of labour epidurals are done with the CSE technique. Our anaesthetists favour the CSE because of its faster onset of block and greater reliability in creating a more uniform block compared to a plain epidural 9 . As such, we needed a different marker to evaluate analgesic efficacy in our parturients. We chose to use the incidence of RBP because this would be an indication of block efficacy throughout the entire duration of labour. In addition, it could also have an impact on the workload of obstetric anaesthetists in our department as well as overall maternal satisfaction with the labour analgesia service we provide.
Our audit suggests that loss of resistance to air technique may decrease analgesic efficacy when CSe is performed for labour epidural analgesia. It has been suggested that the introduction of air into the epidural space may form air pockets and thus prevent effective spread of local anaesthetic solution, causing unblocked segments and resulting in decreased block efficacy 5, 10, 11 . The authors also postulate that the injection of saline into the epidural space may cause epidural volume extension leading to a reduction in dural sac volume, thus enabling a greater spread of local anaesthetic in the intrathecal component and consequently offering better quality of analgesia 12 .
Another predictor of RBP which we have found among our parturients is the use of oxytocin infusion to augment labour prior to insertion of the epidural catheter (P <0.01). The reason for this appears to be logical, as oxytocin is known to increase the frequency as well as the strength of uterine contractions 13 . This will lead to a greater degree of visceral pain experienced by the parturient and thus prompt her to request supplementary analgesia in the form of epidural bolus top-ups. A common obstetric indication for labour augmentation with oxytocin is slow progress in the first stage of labour. Reasons for the slow progress could include certain forms of dysfunctional labour, which itself is a risk factor for a more painful labour as a result of abnormal uterine stimulation 14 .
Our audit also showed that parturients who had their epidural catheters inserted in the sitting position had a higher incidence of RBP compared to those who were in the lateral position (P <0.01). This may be related to the technical difficulty of catheter placement in a certain group of women, including those who have dependent oedema of the lumbosacral region or a large amount of subcutaneous fat obscuring the midline, making it difficult to palpate the intervertebral spaces of the lumbar spine 15 . In these situations, it is common practice among our anaesthetists to then perform CSE with the parturient in a sitting position, to facilitate identification of the midline. In addition, anaesthetists who had multiple unsuccessful attempts at locating the epidural space with the parturient initially in the lateral position will then reattempt it in the sitting position. Therefore, the sitting position could be a surrogate marker for technically difficult and possibly less than ideal placement of the epidural catheter.
We also found that the use of intrathecal bupivacaine led to a significantly higher incidence of RBP as compared to ropivacaine. Indeed, this may seem contradictory to previous studies which have shown ropivacaine to be significantly less potent than bupivacaine when these drugs are used in labour epidural analgesia 16, 17 . A recent study published by our department showed that intrathecal bupivacaine offered a longer duration of analgesia compared to ropivacaine 18 . However, it also showed that the bupivacaine group had a significantly higher incidence of lower limb motor block. As such, we postulated that the anaesthetists who preferred bupivacaine might have given a smaller intrathecal dose compared to those who used ropivacaine, in order to avoid the side-effects of maternal lower limb motor block. unfortunately, this being a retrospective audit, it was not possible to standardise the intrathecal dose of local anaesthetic given to each parturient. We know from our database analysis that all the parturients received low-dose intrathecal local anaesthetic (<2.5 mg) but the actual dose could have varied.
We acknowledge that one of the limitations of retrospective reviews is the inability to establish a cause-effect relationship amongst the variables of interest. For example, our review found that parturients with a higher incidence of RBP were more likely to have had their epidural catheters inserted in the sitting position, and more likely to have received intrathecal bupivacaine. However, this only reflects association among the above factors, and not a cause-effect relationship.
We recognise that another limitation of our study lies in the fact that we were unable to standardise the rescue solutions for all patients included in our analysis. However, the possibility of bias was minimised by the fact that the attending anaesthetist administering the rescue medication was different from the principal proceduralist. In our delivery suite, there is a junior anaesthetist assigned to oversee all parturients who have had epidural catheters inserted by the senior obstetric anaesthetist on duty. Our departmental guidelines advocate 10 ml of 0.2% ropivacaine as the rescue medication of choice, owing to its favourable profile as a moderate to long-acting local anaesthetic with relative sparing of motor blockade. Hence lignocaine and bupivacaine constituted only a small percentage of the rescue medications used.
In summary, our audit suggests that a loss of resistance to air is associated with a higher incidence of recurrent breakthrough pain among parturients who receive combined spinal epidural analgesia for labour than a loss of resistance to saline. We also identified three other factors that were associated with an increased incidence of recurrent breakthrough pain in our institution; administration of pre-block oxytocin, sitting position of the parturient during the procedure and the use of intrathecal bupivacaine for induction of analgesia.
